The role of household food security (HFS) in the occurrence of wasting and the response to food-based intervention in people living with human immunodeficiency virus (PLHIV), especially adults, is still controversial and needs investigation. Methods: Face-to-face interviews to collect data for Coping Strategies Index score and Dietary Diversity Score estimation were conducted during a noncontrolled and nonrandomized study assessing the effectiveness of ready-to-use therapeutic food in the treatment of wasting in adults with HIV. Coping Strategies Index score and Dietary Diversity Score were used to determine HFS, and the participants and tertiles of Coping Strategies Index score were used to categorize HFS. Results: The study showed that most participants were from food insecure households at admission, only 2.7% (5/187) ate food from six different food groups the day before enrolment, and 93% (180/194) were applying forms of coping strategy. Acute malnutrition was rare among ,5-year-old children from participants' households, but the average (standard deviation) mid-upper arm circumference of other adults in the same households were 272.7 (42.1) mm, 254.8 (33.8) mm, and 249.8 (31.7) mm for those from the best, middle, and worst tertile of HFS, respectively (P = 0.021). Median weight gain was lower in participants from the worst HFS tertile than in those from the other two tertiles combined during therapeutic feeding phase (0.0 [−2.1 to 2.6] kg versus 1.9 [−1.7 to 6.0] kg; P = 0.052) and after ready-to-use therapeutic food discontinuation (−1.9 [−5.2 to 4.2] kg versus 1.8 [−1.4 to 4.7] kg; P = 0.098). Being on antiretroviral therapy influenced the response to treatment and nutritional status after discontinuation of ready-to-use therapeutic food supplementation. Conclusion: Food insecurity is an important contributing factor to the development of wasting in PLHIV and its impact on therapeutic feeding response outlines the importance of food-based intervention in the management of wasting of PLHIV.
Introduction
The role of wasting in the increasing risk of death for people living with human immunodeficiency virus (PLHIV) on antiretroviral therapy (ART), or not yet on ART, has been demonstrated in both resource-poor countries and industrialized countries. [1] [2] [3] [4] [5] Recent weight loss or wasting are also predictors of HIV disease progression. 6, 7 However, wasting of PLHIV may result from various factors and food insecurity is probably one of the determinant factors in developing countries, but its role is not yet unanimously recognized. Many clinicians still consider that wasting of PLHIV in resource-poor countries is essentially caused by HIV-related inflammatory processes and that effective treatment of HIV and opportunistic infections is sufficient for reversing wasting of PLHIV. 8, 9 As a consequence, the prevalence of food insecurity among wasted PLHIV has not been sufficiently investigated.
There have been conflicting results on the benefits of food aid for PLHIV. [10] [11] [12] While some studies have found that the provision of food alone using usual humanitarian food baskets has limited impact on nutritional status, quality of life, morbidity, and survival of PLHIV and on the food insecurity of their households, others have demonstrated significant positive effect on the affected individuals or households. [10] [11] [12] [13] [14] Once again, the role of food insecurity in the variation in response to tested interventions has not been sufficiently studied. Thus, the present study was conducted to confirm the high prevalence of household food insecurity among wasted PLHIV from resource-poor countries and to assess the impact of household food security on the response to a therapeutic food-based intervention. The results may help program implementers refine their strategy for addressing wasting in PLHIV.
Methods study design and population
This was a noncontrolled and nonrandomized trial conducted to assess the effectiveness of chickpea sesame-based readyto-use therapeutic food (CS-RUTF) in reversing wasting in chronically sick adults (CSA) with suspected or confirmed HIV infection. Adults were classified as CSA if they had been ill for three consecutive months. The study had several specific objectives including the determination of weight, midupper arm circumference (MUAC), body mass index (BMI), hemoglobin, and CD4 count gains associated with CS-RUTF supplementation, description of the impact of supplementation on the quality of life and on body composition, and description of individual and household characteristics, including food security, that influence the response to the treatment. A sample size of 300 participants was required to allow accurate estimation of the outcomes mentioned above. The highest sample size was required for the estimation of CD4 increase. Thus, for sample size calculation we assumed that the 95% confidence interval width for CD4 count change will be 60 cells/µl, that the standard deviation of the mean will be 211 and that 70% of participants will complete the study follow up period. However, only 194 were recruited within the study period and the study could not be extended due to budget constraints. They were recruited from ten participating community-based organizations (CBOs) operating in Mangochi health district (southeast Malawi). Out of the 194, seven were confirmed HIV negative and excluded from the study. Recruitment into the study ran from October 2006 to April 2007. This period coincided with rain and farming seasons, which is also the period of lowest food availability. The target group were CSA with confirmed (positive laboratory test) or unconfirmed (clinical diagnosis without laboratory test confirmation) HIV infection and wasting as defined as mid-upper arm circumference (MUAC) <220mm or Body Mass Index (BMI) , 17kg/m 2 . Community volunteers of the participating CBOs home visited all the CSA supported by their respective CBOs, measured MUAC, and referred to the research team those meeting admission criteria. The research team home visited all referred CSA to confirm eligibility, obtain consent, and enroll those confirmed eligible. The recommended minimum stay in the program was 3 months and the discharge criterion was MUAC $ 230 mm. Other types of exit were death, dropout, or exclusion. The criteria for exclusion were hypertension, diabetes, pregnancy, or renal disease.
Measuring household food security
To assess food security, face-to-face interviews were conducted in the local language of the participants. The interviews were conducted at the homes of the respondents. Information on enrolment into any food aid programs, 24 hours and 7 days food intake recollection, and any adopted food insecurity coping strategies was obtained from the head of the household or his partners using a structured questionnaire. The questionnaire listed the different foods usually consumed in the district and when the food was not directly mentioned by the respondents, the enumerator specifically asked if the food was not consumed.
The parameters used to define the Coping Strategies Index (CSI) included reducing the number of daily meals, skipping an entire day of eating, eating less preferred food, borrowing from relatives or neighbors, purchasing food on credit, and reducing portion size at meal times. 10, 15, 16 Dietary Diversity score (DDs) and csi
The information collected was used to calculate DDS and CSI score of the households. 16 DDS was calculated by summing the number of different categories of food eaten in the 24 hours prior to the interview without frequency weighting as described by Hoddinott. 15 This method has been shown to be easy to apply, as well as effectively capturing the food security situation of a household. The following twelve foods groups were considered in the calculation of DDS: cereals (bread, nsima, rice, porridge, maheu), roots/tubers (sweet potato, potato, cassava), legumes 15 CSI was also calculated using the approach described by Hoddinott. 15 Each coping strategy was weighted and the frequency of use graded. CSI score was calculated by totaling the weighted sum of each coping strategy ( Table 1 ). The severity of the different coping strategies was estimated by Consortium for Southern Africa Food Security Emergency in Malawi. 16 A simplified count of frequency was used (never = 2, sometimes = 1, almost every day = 0) and six coping strategies were used rather than the 13 used by Consortium for Southern Africa Food Security Emergency. 16 Thus, CSI for individual households varied from zero to a maximum of 35.5. The higher the CSI score, the more food secure the household.
Food security of the household was further determined by the nutritional status of other adults and children ,5 years old staying in the same household for whom a MUAC was measured the day of the enrolment of the participant.
nutritional status
Nutritional status of adults was measured by MUAC and BMI and the presence of bilateral pitting edema. An adult was classified as wasted if MUAC was ,220 mm or BMI was ,18.5 kg/m 2 . An adult was classified as having edematous malnutrition when he had bilateral pitting edema. For children ,5 years old, nutritional status was classified using MUAC and presence of bilateral pitting edema. A child with MUAC , 125 mm or bilateral pitting edema, or both, was classified as having acute malnutrition.
Follow-up, nutritional and clinical assessment, and blood collection Subjects were followed up at their homes at 2 weeks, 1 month, and monthly thereafter during therapeutic feeding.
After the discontinuation of CS-RUTF supplementation, a quarterly follow-up was continued for 12 months. Similar clinical and nutritional data than those collected at admission were collected at each follow-up and included nutritional assessment, a brief medical history, and physical examination. Blood was taken to measure hemoglobin and CD4 count at admission and at the third monthly follow-up.
Treatment provided
Interventions for participants included nutrition counseling and education, medical support (treatment for minor diseases and referral), and therapeutic feeding with CS-RUTF from admission to discharge from the program. CSA were eligible for enrolment in the study if they met one of the following criteria: (1) living in the catchment area of a participating CBO, (2) confirmed or presumptive clinical diagnosis of HIV, or (3) MUAC , 220 mm, BMI , 17 kg/m 2 , confirmed weight loss .10%, or bilateral pitting edema of the feet or legs. Diagnosis of HIV was confirmed if the participants had written evidence of HIV testing carried out within the previous 6 months. A presumptive diagnosis of HIV was made if the participant had history or signs of one or several defining conditions of acquired immunodeficiency syndrome without evidence of an HIV-positive test. Untested patients were counseled and referred for HIV testing. HIV diagnosis was confirmed for 37 of the 77 untested, including seven who tested HIV negative. The remaining refused HIV testing or died before HIV testing. Exclusion criteria included diabetes, hypertension, known renal insufficiency, longterm physical disability, or inability to eat. All participants received 3 months supplementary feeding. For those who had MUAC , 230 mm after the 3 months, supplementary feeding was prolonged for an additional 2 months.
statistical analysis
Descriptive statistics (frequency, mean, or median) were used, as appropriate, to describe food security of the households enrolled in the research.
DDS and the CSI scores were used as continuous variables and categorical variables. For both CSI and DDS, tertiles using observed values on admission were created and the tertile cutoff was used to define the categories. The association between household food security and the main outcomes were examined using chi-square (Pearson or Kruskal-Wallis); Student's t-test or correlations were used as appropriate. P value ,0.05 was considered significant for all tests. Means are presented with their standard deviation and medians are presented with their interquartile range.
Data were entered using Epi Info™ version 6 (Centers for Disease Control and Prevention, Atlanta, GA). Analyses were carried out using SPSS version 13 (IBM Corporation, Armonk, NY) and Epi Info 6.
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The research was authorized by the Malawian National Health Sciences Research Committee and permission was sought and obtained from all participants, who signed a consent form.
Results

characteristics of participants
Sixty-nine percent of participants were women (129/187), the mean age was 34. household food security status Food insecurity was common among the wasted PLHIV enrolled in the study as only 7.5% (14/187) were not using any of the coping strategies indicative of household food insecurity at admission into the program. CSI score at admission varied from 13.25 to 35.5. The frequency distribution of the different coping strategies was 87.2% (163/187) for relying on less preferred food or less expensive food, 68.4% (128/187) for reducing portion size at meal time, 56.1% (105/187) for reducing the number of meals eaten a day, 37.4% (70/187) for borrowing food, 36.9% (69/187) for skipping an entire day without eating, and 20.3% (38/187) for purchasing food on credit.
The situation did not change during follow-up as demonstrated by Figure 1 . The CSI mean was even lower at 2 weeks and 1 month follow-up than at admission. These follow-ups occurred for most of the participants during the height of the hunger season (December, January, and February).
DDS ranged from one to six food groups, but only 2.6% (5/194) ate food from six different food groups the day before enrolment. The most common pattern was eating food from three different food groups which represented 40.7% (79/194) of all participants. The DDS mean was similar for the different CSI tertiles.
At admission, there was no correlation between CSI score and MUAC on admission (r s = 0.080; P = 0.280), but there was a low positive correlation between MUAC on admission and DDS (r s = 0.194; P = 0.008).
nutritional status of other household members
Out of the 60 children ,5 years old from 42 households assessed, only two had MUAC , 125 mm and there were no bilateral nutritional edema cases. The mean MUAC was 150.6 (14.0) mm. The repartition of the MUAC , 125 mm children in food security categories defined by CSI tertile was one in the best food security category (30-30.5) and one in the middle category (22.75-29.9 ). The mean MUAC was 150.3 (13.9), 152.8 (14.7), and 150.0 (13.7) for first tertile (CSI = 30-30.5), second tertile (CSI = 22.75-29.9), and third tertile (CSI , 22.75), respectively (P = 0.818). Nutritional status of other adults from the same household as The proportion of wasting among other adults from participant households varied according to CSI tertile, but the difference was significant only when wasting was defined by BMI , 18.5 kg/m 2 ( Figure 2 ).
Acceptability and intake of cs-rUTF
The acceptability of CS-RUTF was similar in all CSI tertiles. The proportion of those for whom the daily intake of CS-RUTF was $250 g was 31.5% (22/70) for those from the least food secure households, 50.0% (30/60) for those from the middle CSI tertile, and 43.7% (28/64) for those from the most food secure households (P = 0.088). There was no association between household food security and average CS-RUTF intake. The mean total consumption of CS-RUTF per patient while in the program was 24.7 (17.7) kg of CS-RUTF and 24.0 (16.3) kg, 25.9 (16.9) kg, and 24.3 (187.6) kg for the most food secure, middle, and least food secure tertiles, respectively (analysis of variance P = 0.842).
response to therapeutic feeding (Table 3) .
The overall mortality was 45.7% (32/70) for those from least food secure households and 33.1% (41/124) for those from the middle and the highest tertile (P = 0.217).
nutritional status at the end of 12 months follow-up after discharge from therapeutic feeding phase Table 4 shows that after discontinuation of therapeutic feeding with CS-RUTF, participants from the least food secure households who did not start ART lost 5 kg of body weight while those from more food secure households continued to gain weight in the absence of ART initiation. Weight gain after discontinuation of CS-RUTF in those who ever started ART supplementation did not differ according to the category of food security of the household.
Overall mortality during the 12 months of follow-up after therapeutic feeding discontinuation was 28.9% (24/83). Mortality during follow-up after discharge from therapeutic 
Discussion
The study aimed to assess the household food security characteristics of wasted PLHIV and determine the prevalence of food insecurity and the effect of the household food security on the response to therapeutic feeding. In addition to confirming that food insecurity plays a role in the occurrence of wasting in PLHIV in resource-poor countries, results show that PLHIV suffer more from food insecurity than even children ,5 years old and that wasting can occur in PLHIV from relatively food secure households. Importantly, the results suggest that targeted therapeutic feeding alone may not be sufficient for wasted PLHIV from severe food insecure households.
The capacity of CSI tertiles to capture household food security characteristics of participants in the present study was suggested by the relationship between the tertile of CSI score and the nutritional status of household members, especially adults. Thus, it can confidently be said that in some participants, availability of food at the household level played an important role in the development of wasting. This finding is not surprising as many studies in Malawi and elsewhere show that households of PLHIV have a higher risk of food insecurity. 10, [17] [18] [19] The presence of chronic infection and frequent opportunistic infections reduce food production and/or purchasing power capacity. 17 As a consequence, not only is the availability of the food reduced but also the capacity of diversifying food intake is affected, which exposes PLHIV to multiple micronutrient deficiencies. 10, 20 This study has also shown that PLHIV may be more vulnerable to the consequence of food insecurity than young children. This suggests that in countries and areas heavily affected by HIV, nutrition surveys should not be restricted to ,5-year-old children but should also include adults. The increased vulnerability of PLHIV is explained by the fact that limited food access is superimposed to a preexisting level of anorexia induced by systemic inflammatory response to chronic HIV infection. 21 Other important findings of this study, which have implications for practical programming, include the poor response to therapeutic feeding of participants from the tertile of worst food security and the significant weight loss that occurred when supplementation was discontinued before ART initiation. Contrary to findings based on selfreported intake showing equivalent intake and acceptability of CS-RUTF, these findings suggest that in households with severe food insecurity, CS-RUTF supplement was probably shared among the members of the households more than in households with less food insecurity. CS-RUTF was offered at an amount of 2600 kcal, enough to meet the daily nutritional requirement of the targeted wasted CSA. This finding supports the need to combine the provision of therapeutic food with nutritional support in the form of household food rations during the therapeutic feeding phase in households facing severe food insecurity. Body weight loss that occurred after the discontinuation of supplementation for beneficiaries not yet on ART from the same households with severe food insecurity confirms that the supplement was preventing rapid deterioration and contributing to a significant proportion of the daily intake despite sharing the supplement with other household members. This is also in accordance with the finding that the food security situation of participant households did not improve during the survey period. These findings suggest that continuation of food support may not be needed after therapeutic feeding phase for wasted PLHIV households with relatively good food security or those who have initiated ART, but some type of supplementation should continue until the patient is started on ART for those from households with severe food insecurity. For that purpose, the effectiveness of using fortified blended food (eg, corn soy fortified blended food) for the continuation of nutritional support should be evaluated.
There have been contrasting results on the impact of food-based interventions in preventing or reversing wasting in PLHIV.
14 Some studies suggested that such intervention improved nutritional status of PLHIV while others failed to demonstrate any positive impact. 14, 22 The findings of the present study suggest that difference in baseline household food security, not assessed in most of these studies, may explain the contrasting results. It is possible that the underlying household food security situation included in the studies that showed positive impact deteriorated less than those included in the studies that showed no impact. Thus, it will be important for future researches to always consider the baseline household food security of surveyed households and individuals when interpreting the results of a study assessing a therapeutic food-based intervention for PLHIV.
The occurrence of wasting among PLHIV from households with relatively good food security suggests that not only availability but also the quality of food available may be playing an important role in the development of wasting. It supports the use of fortified food and high energy dense food, especially after an episode of severe acute body weight loss. Acute weight loss in PLHIV occurs generally during episodes of opportunistic infections, such as tuberculosis, which increase nutrient and energy requirements while decreasing the appetite already affected by the chronic HIV infection. 23 It is likely that during such a period only an energy and nutrient dense food can help prevent or reverse severe wasting in these individuals with reduced food intake, even for individuals from less food insecure households.
There are limitations in this study that need to be considered. In the context of this study it was difficult to implement a randomized controlled trial as wasting CSA requiring therapeutic feeding were targeted and two different types of fortified food were used, with one assumed to be inferior to another (not authorized by the head of CBOs). The absence of a control group is another limiting factor. For example, although the results give some insight to the effect of supplementation in the absence of ART, the absence of randomization limits the interpretation. Despite implementing the study in a health district with one of the highest prevalence of HIV, a house-to-house visit in the catchment area of three of the ten participating CBOs showed that the study was not missing eligible participants. Unfortunately, it is worth mentioning that the research started during the course of a supplementation program that had already recruited 250 participants who could have been eligible in this study. Confirmation of the intake was solely based on feedback from the participants. Thus, the real intake and level of intrahousehold sharing was unable to be confirmed. The study was conducted at the beginning of the national scale-up of free ART; however, acceptance of ART is still low in rural communities of Malawi, which explains the high proportion of participants who did not start ART despite being counseled and offered transport fees. 25, 26 This increased the mortality rate among participants, even in those who nutritionally improved. Finally, the high dropout rate also reduced the power of the study. It was not anticipated that many of the participants who improved would return to town to resume their usual activities prior to illness.
Conclusion
Household food insecurity is a contributing factor to the development of wasting in PLHIV from developing countries and its impact on therapeutic feeding outlines the importance of food-based interventions in the management of wasting of PLHIV and the necessity to address both the individual need of the wasted patients and the food security of their households. Therefore, programs aimed at providing nutritional support should combine food security and anthropometric indicators for selecting beneficiaries of food and nutrition interventions, and both household food package and special energy and micronutrient-dense food (therapeutic food) should be available. However, these findings need to be further confirmed by other studies given the limitations listed above.
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